Background and Aims: Hepatocellular carcinoma (HCC) incidence is expected to rise dramatically over the next decades because of increasing hepatitis C infections and obesityrelated comorbidities. However, little information exists regarding the treatment of patients with HCC in the community setting. The purpose of this article was to characterize patterns of diagnosis, treatment, and survival for HCC in the community. Methods: We identified 946 HCC patients in the 2007 National Cancer Institute's Patterns of Care study. Chi-square analyses and multivariable regression were used to examine patient and provider factors associated with treatment and survival by stage at diagnosis. Results: Our primary findings indicate that liver transplants, embolization, or radiofrequency ablation for Barcelona Clinic Liver Cancer stage A patients were performed significantly less often for non-Hispanic blacks, Hispanics, patients in the highest income quartile, and patients with Medicaid. Patients with stage D disease were less likely to receive cancer therapy if they had Medicaid insurance compared to private insurance (p<0.001 for all). In multivariable analyses, all-cause mortality was associated with treatment in a hospital without a residency training program (hazard ratio fies those least likely to receive specific therapies in a variety of health care settings and can inform strategies for promoting appropriate therapy now and as new agents are developed.
Introduction
Although hepatocellular carcinoma (HCC) is a relatively rare cancer in the United States (2%), the incidence is expected to continue rising over the next decades because of hepatitis C infection rates in the population [1, 2] . While HCC is primarily associated with cirrhosis, it is increasingly being linked to obesity and the resulting metabolic syndrome and diabetes [3] . Patients presenting with localized disease are eligible for potentially curable surgical resection or liver transplant [4] . However, the vast majority of patients present with advanced HCC and will require systemic therapy [5, 6] . Until recently, the few systemic therapies available to patients with advanced HCC were minimally effective at extending survival and were highly toxic [7] . Currently, the development of molecularly targeted treatments has the greatest potential to improve the outcomes of patients with advanced HCC [8] . While information on treatment patterns and associated outcomes are available for patients treated in clinical trials or cancer center settings, little information is available for patients with HCC treated throughout the community.
Identifying factors related to receipt of recommended therapy for HCC patients in all treatment settings will guide future treatment and resource planning. Additionally, understanding patterns of care for patients with HCC can inform strategies for promoting appropriate therapy now and as new agents are developed for HCC. For our study, we used the National Cancer Institute's (NCI) annual Patterns of Care study to evaluate differences in patient and provider factors associated with Barcelona Clinic Liver Cancer (BCLC) stage [9, 10] at diagnosis, treatment received, and survival of a population-based sample of patients diagnosed and treated in diverse health care settings.
Methods
The NCI's Surveillance, Epidemiology, and End-Results (SEER) Program includes a set of populationbased registries that collect all incident cancers occurring in their defined geographic area, which covers about 28% of the US population [11] . Data are collected on demographics, diagnosis, tumor characteristics, treatment, and follow-up for vital status. Because much of the adjuvant therapy is provided in an outpatient setting and SEER data collection is primarily hospital based, the NCI annually conducts a more comprehensive data collection on a sample of patients diagnosed with specific cancers. Patients diagnosed in 2007 with hepatocellular cancer were selected for inclusion in the patterns of care study. Institutional review board approval was received as required by the registries. Prior to study initiation, central abstractor training was held to ensure consistency of data collection and coding. The hospital data were re-abstracted and each patient's treating physician was contacted to verify the treatment given and the Child-Pugh score. The physician was also asked whether other physicians might have provided care and those physicians were then contacted. All comorbidities present at the hospitalization for the most definitive therapy were collected and analyzed using the Charlson comorbidity score [12] . The presence of cirrhosis and/or hepatitis was based on documentation by the physician in the hospital medical records. If there was no indication of cirrhosis and/or hepatitis in the record, they were recorded as not present. Insurance at the time of treatment was also verified. If multiple insurance carriers were listed, all were recorded and categorized hierarchically into any private (including military), any Medicaid, Medicare only, and no insurance. Income was based on the median family income of the census tract where the patient resided when diagnosed with cancer.
In 2007, patients diagnosed with HCC (International Classification of Diseases for Oncology, 3rd Edition: site code (topography): C22.0 and morphology codes: M 8170-75; 8180) and registered to one of 14 registries were identified. Because of extremely small numbers, patients were ineligible if they were less than 20 years of age. Patients who had a previous diagnosis of cancer (other than non-melanoma skin cancer) or were diagnosed simultaneously with another cancer were excluded because we could not be certain that the HCC treatment would not be influenced by these diagnoses. Patients diagnosed at autopsy or on death certificate only were also excluded. Eligible cases were stratified by registry, age, race/ethnicity, and sex and a random sample of patients was selected within strata (n=946). Non-Hispanic blacks, Hispanics, Asian/Pacific Islanders and American Indians/Alaskan Natives were oversampled to obtain more stable estimates, but our final weighted sample is representative of the SEER population in 2007.
Staging
Patients were staged based on modified BCLC staging and treatment strategies determined for stages A-D [8] [9] [10] . Patients without information on Child-Pugh score (n = 169), lymph node status (n=97), metastatic status (n=8), tumor size (n=44), or bilirubin level (n=5) were classified as "unstaged. 
Treatment Definition
For stage 0 patients or stage A patients who had a single nodule and a bilirubin of <2 mg/dL, liver resection was recommended [10] . For patients with stage A and three nodules of <3 cm a liver transplant or radiofrequency ablation was advised. Treatment for patients with stage B was chemoembolization. "New agents" were recommended therapy for stage C, and best supportive care for patients with stage D. Treatments were defined as therapies planned or administered prior to progression or recurrence of the disease.
Analysis
Bivariate analyses were performed to characterize the association between stage and selected variables, including demographic characteristics, clinical information, and treatment. Data are presented as row percentages by stage and as column percentages for the entire sample. Multivariable logistic regression analyses were used to examine factors hypothesized to be associated with receipt of specific treatments (surgery, transplant, embolization, and Sorafenib) for all patients as well as a smaller number of factors thought to be associated with appropriate therapy stratified by stage at diagnosis. Because of the limited number of patients (n=15), stage-specific analyses were not conducted for stage 0. We used multivariable Cox proportional hazard models to examine all-cause mortality with follow-up through December 2009, while simultaneously adjusting for age, race/ethnicity, insurance status, residency training program, stage, Charlson Score, income, and stage-appropriate therapy. All tests for significance were two-sided and considered significant at p<0.05.
All estimates were weighted using sample weights, calculated as the inverse of the sampling proportion for each sampling stratum, to obtain estimates that are representative of all eligible patients from which the sample was drawn. We used the statistical software SAS (SAS Institute, Cary, NC, USA) and SUDAAN (RTI International, Research Triangle Park, NC, USA); SUDAAN allows for sample weights and adjusts the standard errors appropriately.
Results
The majority of staged patients were classified as stage B (n=268) (table 1), although a large number of patients were unstaged (n=323), primarily due to missing Child-Pugh scores or lymph node status. Patients aged 80 or older, Hispanics, and patients treated in hospitals with no residency training program were more likely to be unstaged. The majority of patients with stage 0 and A HCC were alive at the end of 2009 (>70%); while only 11% and 16% of stage C and D patients, respectively, were alive.
Surgery
Treatments were associated with stage of disease (table 2). Surgery as the only cancer therapy was most common for patients with stage B disease, 26.8%, followed by patients with stage 0, 12.4%. Patients diagnosed with stage 0 or B were also most likely to receive multiple therapies, 35.1% and 34.2%, respectively. In a multivariable analysis, younger patients, those treated in hospitals with a residency training program, and those diagnosed at earlier stages were significantly more likely to receive surgery, while non-Hispanic black patients and Medicaid patients were significantly less likely to receive surgery (table 3) .
Transplants
Transplants were more frequent in earlier stage disease (36.5% of stage 0 and 48.1% of stage A (table 2). The multivariable analysis of transplants was limited to patients with insurance and stages A through unstaged. Patients aged 50 or older, non-Hispanic black and Hispanic patients, Medicaid patients, treatment in a hospital with no residency training program, stage B-D and unstaged disease, and those with a Charlson score of 0 were significantly less likely to receive a transplant (table 3) . Among stage A patients for whom liver transplant, tumor embolization, or radiofrequency ablation (RFA) were recommended treatments, non-Hispanic black and Hispanic patients, patients with the highest quartile of income, and patients with Medicaid were significantly less likely to receive these therapies (table 4) .
Tumor Embolization
Tumor embolization without other therapy was infrequent (table 2) . It was most often performed in patients with stage B disease in combination with systemic chemotherapy (15.3%) (data not shown). In the multivariable analysis, being in the second quartile of income (less likely to undergo embolization) was the only factor associated with embolization (table 3) . Tumor embolization for patients with stage B disease was performed significantly less often for patients in the second quartile of income and patients with no reported cirrhosis (table 4) .
Systemic Therapy
Sorafenib as a single therapy was prescribed most often to stage C patients (13.6%, table 2), but was also administered to 12.3% of stage 0 patients. Sunitinib and interferon were received by less than 1% of patients irrespective of stage (data not shown). In a multivariable analysis, sorafenib use was significantly higher in Asian/Pacific Islanders, those in the highest quartile of income and patients with stage C or unstaged disease and significantly lower in patients with no insurance (table 3) . In the multivariable analysis of stage C patients, those with cirrhosis received sorafenib significantly less often (table 4) .
Radiofrequency Ablation
RFA was used most often for patients with stages 0 and A HCC (table 2). RFA was used alone for 3.7% of stage 0 patients and 3.9% of patients with stage A.
No Treatment
Overall, 38.5% of patients received no therapy, including about half of the stage C, D, and unstaged patients (table 2) . In multivariable analysis, age >70 , the second quartile of income, Medicaid, no insurance, being treated in a facility with no residency training program, and later stage of disease was associated with a lack of cancer therapy (table 3). In multivariable analysis, the use of best supportive therapy for stage D patients, although not likely curative, was not associated with race/ethnicity, income, or cirrhosis (table 4). However, among these patients, those with Medicaid were less likely to receive any cancer therapy. 
Survival
Increased all-cause mortality was associated with being aged 50 or older, treatment in a hospital lacking a residency training program, stage B-D and unstaged patients, and patients who failed to receive appropriate therapy (table 5) . These results were similar when the analysis was restricted to patients with an assigned stage only.
Discussion
This population-based study of HCC treatment found that a varying set of clinical and demographic factors predicted the type of therapy received depending on patients' stage at diagnosis. Our primary findings were that appropriate therapy for stage A patients was given significantly less often to non-Hispanic blacks, Hispanics, and patients in the highest quartile of income. Patients with stage A or D HCC were less likely to receive appropriate therapy if they had Medicaid. In multivariable analyses of all-cause mortality, younger age, treatment in a hospital with a residency training program, earlier stage at diagnosis, and adequate treatment were associated with improved survival.
Although chemoembolization is the recommended therapy, surgery alone was the therapy of choice for slightly more than one-quarter of patients with stage B HCC. The predictors of surgery for early-stage HCC were similar to those given in a report on Medicare patients [13] . While the guidelines for BCLC stage B therapy do not recommend surgery [14] , this remains controversial [15] . A recent report suggested that selected stage B patients may have a better outcome with more aggressive treatment, including surgery [16] . In the current study, after adjusting for other factors, receipt of surgery was not significantly different for patients with stage B compared to patients with stage A disease.
Among patients with stage A disease, those in the highest quartile of income were less likely to undergo RFA, tumor embolization, or transplantation. It is possible that these patients had better liver function and were therefore candidates for surgical resection alone. Overall, among patients with stage A disease, 8.6% underwent surgical resection only, while 48% received a liver transplant. In fact, in the current study, a liver transplant was used 10 times as often in patients with cirrhosis (16.3%) compared to patients with no reported cirrhosis (1.5%), suggesting patients with better liver function were more likely to have a resection. Furthermore, when patients of similar stage were compared, those with no reported cirrhosis more often underwent surgery than patients with cirrhosis. Although, patients with a Charlson score of 0 were less likely to receive a transplant, it is possible that patients with fewer serious comorbid conditions also had better liver function and therefore had a liver resection or other less aggressive therapy. This may also be a result of more detailed recording of comorbidities in the medical record of patients about to undergo a liver transplant. Controversy remains regarding the use of surgery or a transplant. A study of patients with "preserved liver function" reported a longer survival among patients with surgically Race/ethnicity NH white resected HCC compared with those receiving a liver transplant [17] . However, another study reported that patients who received a liver transplant despite exceeding the Milan Criteria experienced similar overall survival compared to liver resection patients [18] . Tumor embolization accounted for a substantial percentage of treatment, most often in combination with other therapies. A meta-analysis suggested that chemoembolization improved survival in patients with unresectable disease [19] , although a more recent metaanalysis suggested that survival benefits were not clear [20, 21] . In 2006, Sangro et al. concluded that radioembolization could be safely performed even for patients with cirrhosis [22] . Overall survival was poorer for nonsurgical therapies compared to liver resection in a study of Bold hazard ratios and 95% confidence intervals significant at p <0.05.
non-cirrhotic HCC patients after adjusting for demographic factors, risk factors, and tumor characteristics [17] . Our data indicate that tumor embolization alone or in combination with other treatments was undergone by 29.6% patients with cirrhosis of the liver compared to only 14.6% in those with no reported cirrhosis. In a 2012 review, the use of sorafenib with transcatheter arterial chemoembolization reportedly improved time to progression [23] . These data suggest that in 2007 sorafenib was infrequently given with tumor embolization, i.e., to 3% of patients with stage B and 6.3% of patients with stage C. The current recommendation for patients diagnosed with advanced disease is sorafenib. In 2007 the recommendation was for a clinical trial or "new agents." Initially approved in 2005 for kidney cancer, sorafenib was subsequently approved for unresectable HCC in November 2007. In a placebo controlled clinical trial, sorafenib showed a significant survival advantage [24] . Even though not approved until November 2007, the majority of sorafenib included in this study was given prior to that date. Notably, in this study, sorafenib was used less often for patients with no insurance and more often for those with the highest income. Cost is likely a factor since a month's supply is more than $10,000 [25] .
The BCLC staging and treatment strategy developed by Llovet et al. suggests that RFA should be given for early-stage disease [9] . However, a recent meta-analysis of studies reported between 2000 and 2010 found that RFA was a valuable treatment also in advanced disease [26] . In our study, we found that RFA was most often used in stage 0 patients, but fewer than 3% of stage C, D, or unstaged patients received RFA, suggesting that physicians were limiting the use of RFA to early-stage disease.
For patients with late-stage disease, therapy does not provide a cure. In this population-based sample, about half of patients with stage C, D, and unstaged disease received no cancer-directed therapy. Although potentially curable, 11% and 24% of patients with stage A and B disease, respectively, did not receive cancer therapy. Generally, these patients were over age 80 and had Medicaid or no insurance. While not directly comparable, an analysis of SEER-Medicare HCC patients found that curative therapy was not provided for the majority of the patients and, of patients with favorable tumor characteristics, only one-third received such therapy [27] . Our population-based sample that also includes individuals under the age of 65 found that older patients were less likely to receive surgery and, appropriately, no patient aged 80 or older received a transplant. Additionally, among stage D patients, lack of insurance was associated with lack of therapy.
Mortality was significantly related to stage of disease, age, treatment in a hospital with an approved residency training program, and the use of stage-appropriate therapy. Our study and those of others demonstrates that survival is significantly better for patients diagnosed with early-stage disease [28, 29] . A recent study found an increase in the diagnosis of smaller HCC [30] . This early detection is likely a result of improved surveillance for patients with risk factors such as hepatitis and cirrhosis [31] . However, the United State Preventive Services Task Force has no recommendation for routine screening for HCC or cirrhosis and reportedly did not find sufficient evidence of improved HCC outcome related screening for hepatitis B or C [32] . Continued efforts to promote early detection in the community setting should be encouraged through education of health care providers who will serve as the first line of interaction with these individuals.
The association between the use of appropriate therapy and survival is provocative. However, this was not a randomized trial and it may be that patients who failed to receive adequate therapy were poor candidates for these treatments. Mortality in the current study increased with age even after adjusting for other factors, including adequate therapy. Findings from a study of 36 patients aged 80 or older compared to 668 younger patients conducted in Japan suggested that advanced stage, but not age, was associated with poorer survival [33] . Although patients treated in hospitals with a residency training program were less likely to die, these hospitals also performed more surgery and transplants. This may suggest that patients with very poor prognoses or a preference for non-aggressive therapy did not seek care in these facilities. While our study focuses on HCC cases diagnosed in 2007 only, future studies should examine continued adoption of new therapies over time and risk factors for inadequate therapy.
Strengths and Limitations
We acknowledge the following potential limitations. Although comorbidities were collected and the Charlson score or cirrhosis was used in the analyses, performance status was not available in the current study. Patient and physician preferences for treatments were unknown. However, therapy decreased with increasing age, suggesting that there may have been a preference by the patient or physician for less aggressive therapy due to age, frailty, or lack of social support. Not all patients in the study could be assigned a stage. This group was likely heterogeneous with some cases truly not staged, while others were assigned to this category because information was unavailable in their medical records. We do not have information on the management of hepatitis or cirrhosis in these patients or surveillance of patients with these diseases. Both surveillance, as recommended by the American Association for the Study of Liver Disease [14] , and active treatment of these risk factors might influence the outcome for these patients. Unfortunately, a recent report noted very poor compliance with these guidelines for patients with hepatitis B followed in a large academic center [34] .
Despite these limitations, this study of a population-based sample of nearly 950 HCC patients from diverse geographic regions diagnosed and treated in community-based health care settings reflects HCC management in 2007 and the resulting survival. It also reflects the inadequacy of current therapies for HCC, thus highlighting the need for improved prevention strategies to hopefully decrease the need for the current, mostly non-curative therapies. Knowledge of treatment disparities can inform strategies for promoting appropriate therapy now and as new agents are developed for HCC.
